Intermediate mass black holes (IMBHs), with masses between 100 − 10 5 M , represent the link between stellar mass black holes and the supermassive black holes that reside in galaxy centers. While these IMBHs are crucial to our understanding of black hole seed formation, black holes of less than ≈ 10 4 M eluded detection by traditional searches. Observations of the infrared coronal lines (CLs) offer us one of the most promising tools to discover IMBHs in galaxies. We have modeled the infrared emission line spectrum that is produced by gas photoionized by an AGN radiation field and explored for the first time the dependence of the infrared CL spectrum on black hole mass over the range of 10 2 M − 10 8 M . We show that infrared CLs are expected to be prominent in the spectra of accreting IMBHs and can potentially be a powerful probe of the black hole mass in AGNs. In particular, emission line ratios involving ions with the highest ionization potentials with respect to those with lower ionization potentials, such as [FeVI], vary by as much as seven orders of magnitude over the mass range explored in our calculations, with the highest ratios corresponding to the lowest mass black holes. We identify key emission line ratios that are most sensitive to black hole mass spanning six orders of magnitude in black hole mass. While variations in accretion rate and the physical parameters of the gas can also affect the CL spectrum, we demonstrate that the effect of black hole mass is likely to be the most dramatic over the mass range explored in our models. With the unprecedented sensitivity of JWST, a large number of CLs will be detected for the first time in numerous galaxies, providing important insight into the existence and properties of IMBHs in the local universe, potentially revolutionizing our understanding of this class of object.
INTRODUCTION
Black holes with masses from a million to up to a billion times the mass of the sun are now known to be ubiquitous in the centers of galaxies, and their masses appear to correlate with properties of the host in which they reside (e.g., Magorrian et al. 1998; Gebhardt et al. 2000; Gültekin et al. 2009; McConnell & Ma 2013) . There is now a growing number of black holes found with masses between 10 5 − 10 6 M (Greene & Ho 2004 Greene et al. 2010; Jiang et al. 2011; Xiao et al. 2011; Dong et al. 2012; Reines et al. 2013; Baldassare et al. 2015) . However, very little is known about the existence, properties, host galaxy demographics, and scaling relations of black holes with masses less than ≈ 10 5 M . In fact, there is currently no direct evidence for black holes with masses between ≈ 60 M and ≈ 10 4 M . Black holes in this "mass desert" in the local universe are of significant astrophysical interest. This is because they are potential analogs of the original seed black holes formed at redshifts z > 15. The mass function and occupation fraction of these "intermediate mass black holes (IMBHs)" in the local universe hold vital clues into the origins of supermassive black holes (SMBHs), potentially allowing us to discriminate between lower mass seeds formed from stellar remnants or massive seeds formed directly out of the collapse of dense gas (Volonteri & Natarajan 2009; Volonteri & Begelman 2010; van Wassenhove et al. 2010; Greene 2012; Reines & Comastri 2016; Mezcua 2017) . Moreover, mergers between black holes in this mass range are one of the most promising sources of gravitational waves (GWs) detectable with the Laser Interferometer Space Antenna (LISA; AmaroSeoane et al. 2012 AmaroSeoane et al. , 2013 ), yet black hole pairs in this mass range in the local universe have not yet been identified and their merger rate is unknown. Apart from their importance in understanding the origin of SMBHs, IMBHs are of intrinsic interest in studying the physics of accretion in the lowmass regime, where some of the fundamental signposts of accretion activity, such as the broad line region (Elitzur & Ho 2009; Chakravorty et al. 2014 ) and the torus (Krolik & Begelman 1988) may disappear. Finding a population of IMBHs, measuring their masses, determining their merger rates, and understanding their connection to their host galaxies is therefore of fundamental astrophysical importance.
Unfortunately, finding and studying the properties of IMBHs is challenging since the sphere of influence of even a 10 5 M black hole at a distance of 10 Mpc is only approximately 0.01". Detecting a population of IMBHs through resolved kinematics is therefore currently observationally impossible. A significant sample of IMBHs can therefore only be detected if they are accreting. However, accretion activity for such low mass black holes is also challenging to detect. This is because accreting IMBHs are likely to be found in the centers of low-mass galaxies, where star formation in the host galaxy can dominate the optical spectrum (Trump et al. 2015) and gas and dust can obscure the central engine at optical, and even X-ray, wavelengths. Indeed, recent NuSTAR observations are revealing a growing number of nearby low luminosity active galactic nuclei (AGNs) that are Compton thick (e.g., Annuar et al. 2015 Annuar et al. , 2017 Ricci et al. 2016) . Moreover, even if highly accreting and unobscured, AGNs powered by IMBHs will have low luminosities. For example, a 10 3 M black hole radiating at its Eddington rate will have a bolometric luminosity of only 10 41 erg s −1 . The X-ray luminosities of these low luminosity AGNs will be low and can be comparable to, and therefore indistinguishable from, a population of high mass X-ray binaries in the host galaxy. This problem is exacerbated in low mass galaxies which have lower metallicities, where X-ray emission from high mass X-ray binaries is enhanced (e.g., Mapelli et al. 2009; Fragos et al. 2013) . Likewise, the radio emission from a potential AGN in a low mass galaxy can be comparable to, and indistinguishable from, a compact nuclear starburst (Condon et al. 1991) , making it impossible to uniquely identify accretion around IMBHs with radio observations alone. While mid-infrared color-selection is a powerful tool in uncovering obscured AGNs (e.g., Lacy et al. 2004; Stern et al. 2005; Donley et al. 2012; Stern et al. 2012; Assef et al. 2013; Mateos et al. 2012, Satyapal et al. in press) , it is well-known that this method fails in galaxies where the luminosity of the stellar emission from the host galaxy is comparable to, or exceeds, that from the AGN. Young starbursts can also mimic the mid-infrared colors of luminous AGNs (Hainline et al. 2016) , although only under extreme conditions (Satyapal et al. 2018 in press). Even broad emission lines in the optical spectrum, usually a hallmark signature of an AGN powered by a massive black hole, are associated with supernova activity for the majority of cases in dwarf galaxies (Baldassare et al. 2016) , further emphasizing the limitations of optical studies in the hunt for IMBHs in the local universe, although these sources have narrow emission lines consistent with star forming galaxies. Finally, even the standard optical emission lines used to classify galaxies dominated by AGNs using the Baldwin-Phillips-Terlevich (BPT) diagram (Baldwin et al. 1981) has been established only for higher mass black holes and are also affected by the presence of shocks (e.g., Kewley et al. 2001; Kauffmann et al. 2003) . It is not yet known whether these diagnostic diagrams are robust AGN indicators in the IMBH mass range. We explore these diagnostics in a future paper (Cann et al. 2018 in prep) .
Given the challenges associated with finding IMBHs, current searches have yielded relatively small numbers of candidates. There are several candidate IMBHs reported in globular clusters, where some firm upper limits on the black hole masses have been obtained (e.g., Maccarone et al. 2005 Maccarone et al. , 2007 Strader et al. 2012; Lützgendorf et al. 2012 Lützgendorf et al. , 2013 Wrobel et al. 2016; Kızıltan et al. 2017; Perera et al. 2017) . Searches for AGNs based on optical and X-ray studies in low mass galaxies have yielded a small but slowly growing sample of candidate active IMBHs (e.g., Filippenko & Ho 2003; Barth et al. 2004; Satyapal et al. 2007; Greene & Ho 2007; Satyapal et al. 2008 Satyapal et al. , 2009 Dewangan et al. 2008; Shields et al. 2008; Ghosh et al. 2008; Izotov & Thuan 2008; Desroches & Ho 2009; Gliozzi et al. 2009; McAlpine et al. 2011; Jiang et al. 2011; Reines et al. 2011; Secrest et al. 2012; Ho et al. 2012; Dong et al. 2012; Araya Salvo et al. 2012; Secrest et al. 2013; Simmons et al. 2013; Reines et al. 2013; Coelho et al. 2013; Schramm et al. 2013; Bizzocchi et al. 2014; Reines et al. 2014; Maksym et al. 2014; Moran et al. 2014; Secrest et al. 2015; Miller et al. 2015; Mezcua et al. 2016; Lemons et al. 2015; Baldassare et al. 2015; Pardo et al. 2016; Baldassare et al. 2017; Chen et al. 2017) . However, the fraction of low mass galaxies with evidence of accretion identified through these techniques is extremely small and the mass range probed is still above ≈ 10 4 M .
Observations of the infrared fine structure lines offer us one of the only definitive tools to discover buried AGNs in dusty galaxies. As has been shown in previous works, AGNs show prominent high-excitation fine structure line emission, whereas starburst and normal galaxies are characterized by a lower excitation spectra characteristic of HII regions ionized by young stars (e.g., Genzel et al. 1998; Sturm et al. 2002; Satyapal et al. 2004) . Fine structure lines from ions with ionization potentials greater than ≈ 70 eV (Abel & Satyapal 2008, Satyapal et al. in prep) , the so-called "coronal" lines (CLs), cannot be easily produced in HII regions surrounding young stars, the dominant energy source in starburst galaxies, since even hot massive stars emit very few photons with energy sufficient for the production of these ions. The power of these diagnostics in finding buried AGN has been strikingly demonstrated by the Spitzer mission through the discovery of a population of AGNs in galaxies that display optically "normal" nuclear spectra (e.g., Lutz et al. 1999; Satyapal et al. 2007 Satyapal et al. , 2008 Satyapal et al. , 2009 Goulding & Alexander 2009) . Given that AGNs powered by IMBHs will be low luminosity, reside in low mass galaxies with potentially enhanced star formation (Trump et al. 2015) , and may have enhanced obscuration (Geha et al. 2006 ) compared with AGNs in higher mass galaxies, an IR spectroscopic study is crucial to provide unambiguous proof of an AGN and study its properties in this class of objects.
With the advent of the James Webb Space Telescope (JWST), infrared spectroscopic observations with unprecedented sensitivity will be possible. These observations can potentially uncover IMBHs in large samples of galaxies, possibly revolutionizing our understanding of this class of objects. Not only can infrared CLs uniquely identify accretion activity from low-luminosity AGNs residing in dusty star forming hosts, but since the ionization potentials of the associated ions are in the ultraviolet to soft X-ray regime, at wavelengths that are not directly observable due to Galactic absorption, the infrared CLs can potentially be used to indirectly reconstruct the shape of the spectral energy distribution (SED) of the AGN at wavelengths where the emission from the accretion disk is expected to peak (e.g., Lynden-Bell 1969; Shakura & Sunyaev 1973; Netzer 1985) , potentially allowing us to gain insight into the accretion properties of the black hole and its mass. As the black hole mass decreases, the Schwarzchild radius decreases, and in response, the temperature of the surrounding accretion disk increases. The shape of the ionizing radiation field therefore changes with black hole mass, which in turn will impact the emission line spectrum at both optical and infrared wavelengths. Not only do infrared fine structure lines carry the advantage of being less sensitive to dust extinction, the excitation energies corresponding to the transitions are small compared to the ambient nebular temperature, and so the infrared line ratios of two different stages of ionization produced by the same element are only weakly dependent on the electron temperature of the gas in which they are produced. They are therefore the ideal tool to study the nature of the ionizing radiation field in the dust enshrouded nuclear regions of galaxies.
In this paper, we explore the diagnostic potential of infrared CLs in the study of AGNs, investigating their behavior as a function of black hole mass. In Section 2, we describe our model for the AGN continuum and discuss our photoionization calculations. In Section 3, we show the predicted emission line strengths. We summarize our main findings in Section 4.
THEORETICAL CALCULATIONS
Coronal line emission can in principle originate in gas photoionized by a hard ionizing continuum (e.g., Shields & Oke 1975; Grandi 1978; Korista & Ferland 1989; Ferguson et al. 1997) or a hot ( ≈ 10 6 K) collisionally ionized plasma (e.g., Oke & Sargent 1968; Nussbaumer & Osterbrock 1970) . Several studies suggest that the main driver of the CL emission is photoionization by a hard radiation field (e.g., Oliva et al. 1994; Whittle et al. 2005; Schlesinger et al. 2009; Mazzalay et al. 2010 ) with possibly some contribution from shocks (e.g., Rodríguez-Ardila et al. 2006; Geballe et al. 2009) . In this work, we assume that the CL emission is produced in gas ionized by the AGN radiation field and explore the dependence on the black hole mass. In order to model the infrared emission line spectrum of gas ionized by an AGN, we used version c17 of the spectral synthesis code CLOUDY (Ferland et al. 2017) . The emission line spectrum depends on several factors, including the shape of the ionizing radiation field, the geometrical distribution of the gas, the chemical composition and grain properties, the gas properties, and the equation of state. In this work, we specifically explore the behavior of the CL emission. We therefore assume that the ionizing radiation field incident on the gas is produced exclusively by an AGN continuum since the ionizing radiation from a stellar population does not contribute to the ionization of these lines. This is demonstrated in a separate publication (Satyapal 2018 in prep) . We note that our calculations are not intended to model the CL ratios of any one particular AGN, but to explore the dependence of the CL emission on black hole mass under the assumption that the CL emission is produced by gas photoionized by a simple mass-dependent generic AGN continuum. Below we discuss the details of our model parameters.
The AGN Continuum
We assume that the AGN continuum consists of three components: an accretion disk, Comptonized X-ray radiation in the form of a power law, and an additional component seen in the X-ray spectrum of most AGNs, often referred to as the "soft excess component".
The Accretion Disk
Multiwavelength observations of quasars suggest that the continuum emission from AGNs peaks in the ultraviolet part of the electromagnetic spectrum (e.g., Shields 1978; Elvis et al. 1986; Laor 1990 ). This emission, often referred to as the "Big Blue Bump"(BBB) is attributed to the emission from the accretion disk around the black hole. In our models, we assume that the accretion disk is a simple geometrically thin, optically thick disk (Shakura & Sunyaev 1973) , where the emission from the disk is approximated by the superposition of blackbodies at temperatures corresponding to the different disk annuli at radius R, with the temperature as a function of radius R given by Peterson (1997); Frank et al. (2002) :
whereṁ Edd andṁ are the Eddington and actual accretion rates, respectively, M BH is the mass of the black hole, and R s is the Schwarzchild radius.
In most observed SMBHs, where masses range from 10 6 -10 9 M , this temperature change is not significant. Indeed, the inner temperature of the accretion disk changes by only a factor of 2 when the black hole mass changes by three orders of magnitude. Because of this, most studies do not take temperature-dependent changes in the accretion disk SED shape into account. When looking at wider range of black hole masses, however, this temperature difference can cause the peak of the accretion disk spectrum to move dramatically (Figure 1) . Moreover, because the ionization potentials of Figure 1 . Accretion disk SEDs from black holes with masses that span 10 2 − 10 8 M accreting at 0.1ṁ Edd . The units of the vertical axis are set for illustrative purposes by assuming a distance of 30 Mpc. We have labeled the location of the ionization potentials of several coronal lines accessible by JWST by the dotted vertical lines. As can be seen, the shift in disk temperature for the range of black hole masses explored in this work significantly moves the location of the "Big Blue Bump" relative to the ionization energies of key coronal lines observable by JWST.
the coronal lines fall at energies very close to the peak of the BBB, changes in black hole mass will strongly affect the coronal line emission spectrum emitted by the surrounding gas, potentially providing a diagnostic of the black hole mass.
In this study, the accretion disk spectrum was modeled using the DISKBB model (Mitsuda et al. 1984; Makishima et al. 1986 ) of XSpec v12.9.0 1 (Arnaud 1996) . To set the temperature at the inner disk radius, we used Equation 1 and varied the black hole mass from 10 2 − 10 8 M and assumed that the black hole is accreting at 0.1ṁ Edd . The accretion disk SED from this model is shown in Figure 1 . Over the range of black hole mass explored in this work the peak of the BBB varies from 13 eV to 424 eV.
The Power Law Component
Observations of AGN spectra show a high energy component that can be well-approximated by a power law, believed to be caused by Comptonization of seed photons produced by the disk (Svensson 1999) by energetic electrons in a hot corona (Krolik 1999) . In this study, we adopt a spectral index of 0.8 (e.g., Wilkes & Elvis 1987; Grupe et al. 2006 ) and an α OX ratio of 1.2 (Netzer 1993 ) for this power law component. We assume a high energy cutoff of 100 keV. As the emission lines we are analyzing have ionization potentials of less than or equal to 500 eV, the detailed shape of the AGN SED at the highest energies will not play a significant role in our calculations.
The Soft Excess
An additional component to the AGN has been observed as excess radiation between 100 to 300 eV that cannot be explained by simply extending the power law to lower energies. This emission, referred to as the "soft excess", has been detected in over 50% of Seyfert 1 galaxies (Halpern 1984; Turner & Pounds 1989) , though recent studies of local Seyfert 1s suggest that the fraction can reach up to 70-90% (e.g., Piconcelli et al. 2005; Bianchi et al. 2009; Scott et al. 2012; Boissay et al. 2016) . The origin of this emission is still a topic of debate, with three primary schools of thought being: a Comptonized disk (Czerny & Elvis 1987; Done et al. 2012; Jin et al. 2017) , blurred ionized reflection (Fabian et al. 2005; Crummy et al. 2006) , or relativistic smeared absorption (Gierliński & Done 2004; Middleton et al. 2007) .
While the origin of the soft excess is not clear, this spectral component is remarkably well fit with a blackbody with a roughly constant temperature of ≈ 100 − 200 eV (e.g., Gierliński & Done 2004; Ricci et al. 2017) . In this work, we model the soft excess phenomenologically as a blackbody with a temperature of 150 eV. We assume that the ratio of the luminosity of the soft-excess component to the luminosity of the power law component is constant with respect to black hole mass and adopt a ratio consistent with what is typically observed (1) (Vignali et al. 2004; Piconcelli et al. 2005; Chakravorty et al. 2012) . Little variation in the soft excess emission with respect to mass is seen (Gierliński & Done 2004; Boissay et al. 2016 ), but only a small range of black hole masses have been explored. In Figure 2 , we plot the incident continuum, including all three components, for our 10 7 M model. For black holes with mass < 10 3 M , the emission from the disk shifts into the soft X-rays and dominates over the soft excess. Note that because the ionization potentials of the coronal lines extend into the soft X-rays, it is important to include this component into our AGN continuum. We emphasize that we have not attempted to present a model finely tuned to match the properties of any one particular AGN. The strength and shape of the continuum in the 100 − 400 eV range is important in replicating observed CL line ratios. The generic AGN model adopted in this work predicts the relative behavior of the CL ratios as a function of BH mass, and demonstrates which line ratios are the most sensitive to BH mass.
Geometrical Distribution of the Gas
We assume a one-dimensional spherical model with a closed geometry, where the cloud is between the observer and the continuum source, and the ionization parameter and gas density are allowed to vary. The ionization parameter, U, is defined as the dimensionless ratio of the incident ionizing photon density to the hydrogen density:
where φ H is the flux of hydrogen-ionizing photons striking the illuminated face of the cloud per second, n H is the hydrogen density, c is the speed of light, and Q(H) is the number of hydrogen ionizing photons striking the illuminated face per second. In our calculations, U is allowed to vary from 10 −4 to 10 −1 . On average, U is ∼ 10 −3 based on observations of the optical emission lines in local galaxies and HII regions (Dopita et al. 2000; Moustakas et al. 2010 ), but can be higher in ULIRGS (Abel et al. 2009 ) or high-redshift galaxies (Pettini et al. 2001; Brinchmann et al. 2008; Maiolino et al. 2008; Hainline et al. 2009; Erb et al. 2010) , and in the CL region. We therefore explored a large dynamic range of ionization parameters in this work.
Physical State of the Gas and Dust
We chose the gas and dust abundances in our calculations to be consistent with the local interstellar medium (ISM). The effects of variations in metallicity on the computed spectrum will be explored in future work. We assume constant density, and vary the hydrogen density of the gas from log(n H /cm 3 ) = 1.5 − 3.5, in units of 1.0 dex. We include thermal, radiation, and turbulent pressure in our models with the turbulent velocity set to 5.0 km s −1 . Our calculations extend only to the Hydrogen ionization front since all of the lines are produced in the ionized region of the cloud. Given the full set of black hole masses, ionization parameters, and gas densities, we computed a total of 507 simulations. For each model, we computed the emergent spectrum of all emission lines with ionization potentials in excess of 70 eV that are within 1 − 30 µm. We explored the behavior of only the most prominent lines that can potentially be detected by JWST, the brightest of which are listed in Table 1 .
RESULTS
The predicted infrared emission line spectrum in our simulations is strongly dependent on the shape of the ionizing radiation field incident on the gas and hence the black hole mass. In Figure 3 , we show the transmitted continuum in the 1 − 30 µm range for the 10 2 M and 10 8 M AGN models for a standard gas density of n H = 300 cm −3 and an ionization parameter of logU = −1.0. As can be seen, the strength of the emission lines in this wavelength range changes significantly with black hole mass, with the CLs with the highest ionization potentials being more prominent in the lower black hole mass model (see Table 1 ). In Figure 4 , we show the mass dependence of a selection of key abundance-insensitive line ratios as a function of black hole mass, again for n H = 300 cm −3 and logU = −1.0. As can be seen, for a given ionization parameter and gas density, line ratios involving ions with different ionization potentials vary dramatically with black hole mass in response to changes in the shape of the AGN ionizing continuum with black hole mass. The CLs with the highest ionization potentials ( 300 eV) peak at the lowest black hole masses, and the line ratios can vary by over six orders of magnitude between 10 2 M and 10 6 M . We also find a series of line ratios that peak in the intermediate mass range (10 4 − 10 5 M ), demonstrating that the suite of line ratios is sensitive to different mass ranges explored in our models.
The CL ratios vary with both the shape of the ionizing continuum and the ionization parameter adopted in our models. As the ionization parameter increases, the ratio of photon flux to gas density increases, which in turn increases the ionization rate while keeping the recombination rate relatively constant for our constant density models. The combination of the hardness of the radiation field, which depends on the black hole mass, and the ionization stage of a particular element determines the CL ratio for a given gas density. In Figure 5 , we show the dependence of a selection of key CL ratios with both black hole mass and ionization parameter to illustrate this point. As can be seen, the line ratios are sensitive to both the black hole mass and the ionization parameter since both parameters affect the dominant ionization stage of a given species and the ionization structure of the nebula. However, CLs associated with the highest ionization potentials are most prominent only in models with the smallest black hole masses and high ionization parameters, indicating that extremely high observed ratios will be associated only with low mass black holes. For intermediate ratios, our models demonstrate that there are degeneracies between U and black hole mass. In such cases, a large set of CL observations can be used constrain the black hole mass and the ionization parameter. Based on our models, we identify line ratios that display much larger variations with ionization parameter than with mass as can be seen from Figure 6 . This ratio stays nearly constant across the lower mass range, but spans a wide range of values in ionization parameter, and so could be a potential diagnostic for determining ionization parameter in an AGN.
DISCUSSION
Based on our photoionization models, we have demonstrated that the infrared CLs are potentially a powerful probe of the black hole mass in AGNs. In particular, emission lines associated with ions with the highest ionization potentials, such as SiXI, SiX, and FeXIII are predicted to be far stronger in the smallest black hole mass models. Our models suggest that the following line ratios will be higher for AGNs powered by IMBHs with masses < 10 6 M :
• These line ratios are predicted to vary by many orders of magnitude with black hole mass and can thus help inform future AGN studies with JWST.
Based on existing observations of AGNs, the number of CLs detected decreases with increasing ionization potential . Indeed, in the entire sample of 838 nearby powerful AGNs from the Swift/BAT survey, not a single [SiXI] and [S XI] line is detected in the 102 observed in the near-IR (Lamperti et al. 2017) . We searched the literature for all CL studies of nearby AGNs and found that the most frequently detected CL is the [SiVI]1.962 µm line, which is detected in a total of 76 AGNs (Lamperti et al. 2017; Mason et al. 2015; Müller-Sánchez et al. 2017; Riffel et al. 2006; Rodríguez-Ardila et al. 2011; Mould et al. 2012; Alonso-Herrero et al. 2000; Rhee & Larkin 2005 ). In contrast, we could only find a total of 3 detections of the [SiXI] 1.932 µm line reported in the literature. Given that the mean mass of the active black holes observed in the literature, measured either through broad lines or the velocity dispersion of the Ca II triplet or the CO band-heads, is ≈ 10 7 M with a very narrow spread in mass, it is possible that this observational fact is caused by a powerful selection effect: we are observing lines that are predicted to be the strongest precisely for the black hole masses probed by our observations. The CLs associated with higher ionization potentials may be weak because we have not yet observed a significant sample of AGNs powered by lower mass black holes. It is possible that these CLs will be enhanced relative to the lower ionization potential CLs in AGNs with lower mass black holes that will be observed with JWST.
We have shown that several key diagnostic CL line ratios (see Figure 4) vary by many orders of magnitude over the mass range explored in this work. The observed ratios of detected CLs in the literature thus far do not show this range of variation. In Figure 7 , we show the distribution of [SiVI]1.962/[SiX]1.430 line flux ratios from the literature. As can be seen the variation in this line ratio is less than an order of magnitude for the relatively small sample of objects observed thus far, suggesting similar black hole masses, ionization parameters and physical properties of the gas. In contrast, this ratio can vary by over seven orders of magnitude over the mass range explored in our calculations as can be seen from Figure 8 . Moreover, the ratio is expected to peak precisely at the black hole masses probed by current observations, suggesting that the predominance of the [SiVI]1.962 CL relative to the higher ionization potential lines may be a selection effect caused by the range of black hole masses thus far explored.
Additional Considerations and Caveats
Our goal in this paper is to explore the first order effects of varying black hole mass on the coronal line spectrum of Figure 5 . Contour plots showing the dependence on mass and U at nH = 300 cm −3 for various predictive line ratios. While high ratios generally are indicative of a definitive mass range, lower ratios can correspond to many possibilities. The highest ratio in each plot is normalized to one. gas ionized by an AGN. We emphasize that we have not attempted to present a model finely tuned to match the properties of any one particular AGN. The strength and shape of the continuum in the 100-400 eV range is important in replicating observed CL line ratios. The generic AGN model adopted in this work predicts the relative behavior of the CL ratios as a function of BH mass, and demonstrates which line ratios are the most sensitive to BH mass. The absolute line ratios are not meant to replicate observed line ratios in any particular AGN. In particular, the AGN continuum model we have adopted does not produce sufficient photons in the EUV or soft X-rays to generate the observed CL strengths seen in nearby AGNs. This has been also found in several other studies which show that photoionization models with a similar AGN continuum as that adopted in this work fail to produce the observed strengths of the HeII edge in quasars ) and the CL spectrum in Circinus (Oliva et al. 1994) , unless a harder radiation field is introduced. Moreover, the observed emission line spectrum will likely originate from multiple clouds with differing physical parameters. Indeed, the variation in line width with ionization potential and the blueshifts observed in many CLs (Grandi 1978; Marconi et al. 1996; Mazzalay & Rodríguez-Ardila 2007; Rodríguez-Ardila et al. 2006 Müller-Sánchez et al. 2011 ) suggest stratification in the photoionized region producing the CLs and the presence of outflows. Simple photoionization models of a single cloud will therefore not likely replicate observed line ratios.
We note that this first exploratory study of the CL emission line spectrum as a function of black hole mass was carried out assuming an accretion rate of 0.1ṁ Edd . Note that the SED from the accretion disk is a function of the accretion rate adopted. While changes in the accretion rate will affect the predicted CL spectrum, a 10 8 M black hole would need to accrete at 10 5ṁ Edd to produce an accretion disk of the same temperature as a 100 M black hole radiating at 0.1ṁ Edd . Therefore, the line ratios that uniquely identify low mass black holes as seen in Figure 4 are likely to still have diagnostic potential.
The strengths of the emission lines and their ratios can also be affected by other physical processes that we have not included in this preliminary exploration. For example, we have not included the effects of shocks in our calculations, which can result in collisional ionization as well as photoionization effects. Outflows from the AGN or winds driven by star formation in the surrounding gas can produce shock fronts that Figure 6 . Contour plots showing the dependence on mass and U at nH = 300 cm −3 for a selection of line ratios more sensitive to U than black hole mass. As can be seen, these CL ratios vary more significantly with U than with black hole mass over the range of parameter space explored in our models. The highest ratios in each plot is normalized to one. (2000); Rhee & Larkin (2005) ionize the gas and affect the observed emission line spec- trum (Allen et al. 2008; Kewley et al. 2013) . The presence of blue-shifted line profiles in many CLs is indeed consistent with the presence of outflows (e.g., Marconi et al. 1996; Mazzalay & Rodríguez-Ardila 2007; Rodríguez-Ardila et al. 2006 Müller-Sánchez et al. 2011) . For fast shocks, the ionizing radiation generated by the cooling of the hot gas behind the shock front can generate ionizing radiation that can even extend into the soft X-rays, causing significant photoionization effects for the coronal line spectrum (Allen et al. 2008) . Several studies suggest, however, that the main driver of the CL emission is photoionization by the AGN continuum (e.g., Oliva et al. 1994; Korista et al. 1997; Marconi et al. 1996) , and there is some question on whether shocks can produce the required energetics to produce the observed CL line luminosities (Wilson et al. 1997) , although some contribution from shocks cannot be ruled out Geballe et al. 2009 ). Note that the strength and shape of the ionizing radiation field produced by shocks is a strong function of the shock velocity. A significant contribution from shocks would be accompanied by high shock velocities which would result in other distinguishing features in the emission line spectrum (Allen et al. 2008; Kewley et al. 2013) .
The physics of the dust can also affect the observed CL spectrum. In addition to being a source of heating and depletion of refractory elements, grains will absorb the ionizing radiation, thereby affecting the ionization structure of the nebula. We considered models that did not include the presence of grains, as well as models that varied the grain abundance with distance from the ionizing source in order to simulate the effect of grain destruction due to sublimation from the hard radiation field. These variations only effected the observed CL ratios by less than an order of magnitude, significantly less than the effect of black hole mass.
In addition, our models have assumed a simple geometrically thin optically thick disk. This assumes that the accretion is radiatively efficient, and viscous heating is balanced by radiative cooling. In some instances, the accretion can be advection-dominated and radiatively inefficient (Yuan & Narayan 2014) , producing a significantly different SED in the range of the ionization potentials of the coronal lines studied in this work. We also note that we do not take into account the effect of black hole spin, which would affect the inner radius of the accretion disk, and hence its temperature, and therefore the shape of the emergent ionizing SED from the disk. Our model also does not take into account radiative transfer through the atmosphere of the disk.
Finally, we should note that the AGN continuum we have adopted is based on observations of the reprocessed radiation. There is significant uncertainty in the actual ionizing radiation field incident on the gas. We have added an ad hoc soft excess component in our calculations, but since the origin of this component and its dependence on mass, Eddington ratio, or AGN luminosity is unknown, we have not explored how variations in this component would impact the observed line ratios. Indeed, because this component contributes significantly to the ionization of the coronal lines, this could prove to be a significant source of uncertainty. While parameters other than black hole mass will have some effect on the observed CL ratios, we have demonstrated that variations in the black hole mass are predicted to cause variations by many orders of magnitude in key CL ratios which we have identified in Figures 4 and 5 . The fact that the observed CL ratios of the current suite of observations which probe a very narrow range in black hole mass show little variation (see Figure 7) may suggest that the physical conditions of the gas are not likely to vary significantly in AGNs.
CONCLUSIONS
In this work, we have modeled the infrared emission line spectrum that is produced by gas photoionized by an AGN radiation field and explored for the first time the dependence of the CL spectrum on the black hole mass over the range of 10 2 M −10 8 M . Our photoionization models assume purely an AGN ionizing continuum, with a standard geometrically thin, optically thick accretion disk with variable black hole mass, a power law component, and a soft excess. To explore mass dependence, in these models we have assumed a single accretion rate of 0.1ṁ Edd . We assumed a constant density, 1D spherical model with a closed geometry. We have not included the effects of shocks. Our main results can be summarized as follows:
1. We have demonstrated that the infrared CLs are potentially a powerful probe of the black hole mass in AGNs. In particular, emission line ratios involving ions with the highest ionization potentials with respect to those with lower ionization potentials, such 2. Our models suggest that key line ratios for AGNs powered by IMBHs with masses < 10 6 M will be the:
• 3. While variations in the physical parameters of the gas can also affect the CL spectrum, we demonstrate that the effect of black hole mass is likely to be the most dramatic effect over the mass range explored in our models. We note that this first exploratory study of the CL emission line spectrum as a function of black hole mass was carried out assuming an accretion rate of 0.1ṁ Edd . Note that the SED from the accretion disk is a function of the accretion rate adopted. While changes in the accretion rate will affect the predicted CL spectrum, a 10 8 M black hole would need to accrete at 10 5ṁ Edd to produce an accretion disk of the same temperature as a 100 M black hole radiating at 0.1ṁ Edd . Therefore, the line ratios that uniquely identify low mass black holes are likely to still have diagnostic potential.
With the unprecedented sensitivity of JWST, a large suite of CLs will be detected for the first time in numerous galaxies. In the SDSS survey, there are close to half a million dwarf galaxies (M < 10 9 M ) in which black holes with masses less than ≈ 10 6 M may reside. The CL spectrum of these galaxies will provide important insight into the existence and properties of IMBHs in the local universe.
